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Filed: June 9, 1998 Examiner: Not Yet Assigned 

For: CENTRIFUGAL SEPARATOR 

*********** 

June 9, 1998 

Honorable Commissioner of Patents 

and Trademarks 
Washington, DC 20231 

Sir: 

PRELIMINARY AMENDMENT 

In order to place the above-identified application in better condition for 
examination, please amend the application as follows: 

IN THE SPECIFICATION 

Page 1, line 13, delete "2383 194" and insert --2283694--. 

IN THE CLAIMS 

Please cancel claims 1-3 and add new claims 4-6 as follows: 
~4. A centrifugal separator comprising a housing, axle means extending 
along the housing substantially vertically and defining a rotation axis, a rotor 
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rotatable about the rotation axis about said axle means and including at each end 
thereof a bush surrounding the axle means defining a journal bearing, each said 
bush being exposed to lubricant supplied to the rotor such that lubricant can pass 
between said bush and axle means to form therein a film, at least one of the bushes 
providing weight thrust bearing means operable to support the weight of the rotor, 
at least during wind-down, the weight thrust bearing means comprising at least 
one portion of said axle means tapering from a lower region of greater diameter to 
an upper region of lesser diameter and said bush surrounding the portion 
conforming to the taper and defining a combined journal and thrust bearing 
whereby the rotor carried by the thrust bearing is centered with respect to the axle 
means and supported both radially and axially. 

5. A centrifugal separator as claimed in claim 4 in which the end of the 
upper bush exposed to lubricant pressure has a lesser diameter than the upper end 
of the lower bush such that in normal operation lubricant supply pressure acts to 
separate the cooperating tapered surfaces of the weight thrust bearing means. 

6. A centrifugal separator as claimed in claim 4 in which the weight thrust 
bearing means is defined in both upper and lower bushes.-- 
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REMARKS 

The above amendments are made to place the claims in a more traditional 
format. 

Respectfully submitted, 
NIXON & VANDERHYE P.C. 



By: 
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Cent-rifuaal Se parator 



This invention relates to centrifugal separators of the self- 
powered kind for separating particulate contaminants from a 
liquid, such as a vehicle engine lubricant, within a containment 
rotor to which contaminated liquid is supplied at elevated 
pressure, and particularly, but not exclusively, relates to low- 
cost disposable rotors for use with passenger automobile engines. 

Self-powered centrifugal separators are well known for separating 
fluids of different densities or for separating particulate matter 
from liquids and have long been used in lubrication systems for 
engines and analogous items of vehicles. Such devices are 
described in, for example, GB 735658, GB 757538, GB 2160796, or 
GB 2383194. 

The common principle of operation is that a housing contains a 
rotor which is supported therein to spin at high speed about a 
substantially vertical axis. The rotor comprises a container to 
which contaminated liquid lubricant is supplied at elevated 
pressure along the axis of rotation at one end of the rotor and 
is ejected from tangentially directed reaction jet nozzles at the 
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Other end of the rotor into the housing from which it drains to 
the engine sump. The energy lost by the ejected liquid effects 
rotation of the rotor about the axis at a speed, in excess of 
8,000 rpm, fast enough for the liquid circulating in, and passing 
through, the rotor to deposit solid contaminants on radially 
outward surfaces. For efficient separation, and to ensure that 
separated contaminants do not interfere with the reaction jet 
nozzles, the rotor container is provided with a radially inwardly 
extending partition wall that effectively divides the rotor into 
a separation chamber, in which the solids collect, and an outflow 
chamber, to which the cleaned liquid passes by way of a transfer 
aperture sited near the rotation axis. It is coaanon in modern 
designs, such as, EP 01930Q0 and GB 2283694, for this partition 
wall to extend both radially and axially as what is sometimes 
referred to as a separation cone, which better holds solids and 
liquid-containing sludge within the separation chamber if the 
rotation axis is tilted from the vertical. 

There are several criteria associated with successful operation. 
Lubricant supplied to the rotor has to be available at a 
significant pressure if the energy lost by its passage through the 
reaction jet nozzles is to be sufficient to rotate the rotor fast 
enough to effect centrifugal separation of said contaminated 
particles. Also, of course, the lubricant passed through the 
centrifugal separator loses substantially all of its energy in 
effecting rotation by jet reaction, that is, it is returned 
directly to the sump and by-passes the normal lubrication 
utilisation circuits of the engine, so that the centrifugal 
separator operates in a so-called lubricant by-pass mode. 
Consequently, there is normally incorporated in the lubricant 
supply system a pressure responsive valve which inhibits the flow 
of lubricant to the centrifugal separator when the supply pressure 
is below a predetermined level at which the engine might be 
starved of lubricant if any were diverted and at which the rotor 
would not operate efficiently even if supplied. 

Such a centrifugal separator is normally associated with a 
conventional full-flow, or through-flow, filter (although the 
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small particle separation capabilities of the centrifugal 
separator enables a rather coarser mesh filter to be used than 
otherwise) and it is often arranged that both filter and separator 
are mounted on a specially designed interface which includes 
supply ducts and pressure responsive flow control valves, for 
example as shown in GB 2160449 and GB 2160796. 

Diesel engines are particularly well suited to this form of 
lubricant cleaning, because of problems of small, light particles 
in the lubricant that result from combustion products and the 
generally longer intervals between servicing operation than has 
been normal with gasoline engines. Thus the combination of a 
coarse mesh, full-flow filter and centrifugal separator is 
particularly suited to operation of, and has been widely adopted 
with, commercial vehicles to maximise intervals between servicing 
operations. 

More recently, it has become popular to include similar diesel 
engines in small passenger vehicles and, irrespective of engine 
type, for there to be longer intervals between servicing at which 
lubricant and/or filter elements would be changed, it being 
conventional now in relation to passenger vehicles that 
contaminated components of such filter elements are disposable 
rather than cleanable by the servicing mechanic, who is frequently 
the vehicle owner. 

Thus it follows that in adapting the concept of supplementing a 
full-flow filter with a centrifugal separator to such small 
passenger vehicles, the rotor, when it does eventually fill with 
contaminant, should be disposable and replaceable with a new one 
rather than cleaned, and notwithstanding the increased interval 
between replacements, the disposable rotor must be a low cost 
item. To this end low cost disposable rotor designs exist, for 
example EP 0193000, and GB 2283694 which rely upon the rotor being 
formed as a canister from pressed sheet materials. 

However, it is found that centrifugal separators, particularly 
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those of such a pressed sheet construction, exhibit 
characteristics peripheral to their separation functionality which 
may militate against ready acceptance within the small passenger 
vehicle environment. 

In such passenger vehicles, although the passenger compartment is 
much closer to the engine and its ancillary components, there is 
required a much lower noise level than for commercial vehicles. 
Whereas any additional noise level caused by a spinning 
centrifugal separator rotor may be considered minimal in terms of 
passenger perception whilst the engine is running, it is found 
that an increased noise level continuing after the engine is 
stopped is particularly objectionable. 

VJhen the engine is stopped the centrifuge rotor, which may be 
spinning up to 10,000 rpm, continues to rotate for a considerable 
deceleration or wind-down period that may be in the range of 30-60 
seconds or even up to 90 seconds, depending upon the supply 
pressure and temperature of lubricant passing therethrough, and 
during that wind-down period the noise level may increase as the 
rotor empties of lubricant and exhibits bearing contact and out- 
of-balance vibration as the speed falls and the bulk of the liquid 
moves about within the partially filled container. 

The centrifuge rotor is usually mounted for rotation by bearings 
comprising plain, parallel bushes carried at each end of the rotor 
and surrounding fixed, vertically extending axle means to form 
journal bearings. 

The bushes are a clearance fit on the axle means to permit 
unimpeded rotation and the gap between each bush and axle means 
is exposed to the lubricant supplied to the rotor such that some 
lubricant escapes along the gap and with the rotation creates a 
hydrodynamic film that provides easy rotation and significant 
radial stiffness. Furthermore, it is known to make use of the 
forces exerted axially on the bushes and rotor, due to exposure 
of the ends of the bushes to fluid pressure, to counter the effect 
of gravity pulling the rotor downwardly along the axle means by 
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having the upper bush of smaller diameter than the lower bush 
whereby the lubricant pressure acts on different areas to lift the 
rotating rotor. Each of said bushes may therefore also comprise 
a radially extending flange to bear against an axially facing 
surface of the housing, as a pressure lift thrust bearing at the 
upper part of the housing to limit lifting of the rotor and 
(particularly) as a weight thrust bearing at the lower part of the 
housing to support its weight in the absence of lubricant 
pressure . 

It will be appreciated that such weight thrust bearing is employed 
each time that the lubricant supply is stopped and the weight of 
the rotor is not countered by lubricant supply pressure. 
Furthermore, it will be appreciated that the supply of lubricant 
to the journal bearing gaps also effectively ceases with lubricant 
supply so that as the rotor winds down, the radial bearing 
stiffness ceases, permitting the rotor to vibrate on the bearings, 
both journal and thrust, with the transmission of noise by way of 
the housing to the engine. 

The vibration may be exacerbated as the balance of the rotor is 
affected by way of lubricant draining therefrom and not being 
replenished. 

To the extent that wind-down noise results from such draining of 
the rotor, co-pending application number GB9511812.1 describes a 
flow check valve to retain lubricant within the centrifuge rotor. 

However it does not address the problem of wind-down noise 
resulting directly from the reduction in bearing stiffness as the 
and hydrodynamic film between bushes and axles means disrupts when 
the lubricant pressure subsides. 

It is an object of the present invention to provide a centrifugal 
separator in which vibration on wind-down due to bearing structure 
is mitigated. 

According to the present invention, a centrifugal separator 
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comprising a housing, axle means extending along the housing 
substantially vertically and defining a rotation axis, a rotor 
rotatable about the rotation axis about said axle means and 
including at each end thereof a bush surrounding the axle means 
defining a journal bearing, each said bush being exposed to 
lubricant supplied to the rotor such that lubricant can pass 
between said bush and axle means to foirm therein a film, at least 
one of the bushes providing weight thrust bearing means operable 
to support the weight of the rotor, at least during wind-down, the 
weight thrust bearing means comprising at least one portion of 
said axle means tapering from a lower region of greater diameter 
to an upper region of lesser diameter and said bush surrounding 
the portion conforming to the taper, defining a combined journal 
and thrust bearing whereby the rotor carried by the thrust bearing 
is supported both radially and axially. 

Preferably the end of the upper bush exposed to lubricant pressure 
is a lesser diameter than the upper end of the lower bush such 
that normal lubricant supply pressure acts to separate the 
cooperating taped surfaces of the weight thrust bearing means. 

Preferably the weight thrust bearing means is defined in both 
upper and lower bushes. 

Embodiments of the invention will now be described by way of 
example with reference to the accompanying drawings, in which: - 

Figure i is a sectional elevation through a first embodiment of 
self-powered centrifugal separator in accordance with the 
invention showing a novel weight thrust bearing formed between 
lower rotor bush and tapered spindle. 

Figure 2 is a sectional elevation through a second embodiment in 
which the weight thrust bearing is formed at the upper bush, and 

Figure 3 is a sectional elevation through a third embodiment in 
which the thrust bearing is formed in both upper and lower bushes. 
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Referring to Figures 1 and 2, a self-powered centrifugal separator 
arrangement for a vehicle engine, particularly a small passenger 
vehicle, is indicated generally at 10. The separator is employed 
in conjunction with a full flow filter (not shown) in maintaining 
the engine lubricant free of potentially damaging contaminants. 
Lubricant is pumped around the engine by a pump (not shown) whose 
delivery pressure is regulated but also, to a limited extent, 
dependent upon engine speed and lubricant temperature. 

The separator arrangement 10 comprises a housing 11 in the form 
of a support structure 12 coupled to the engine to receive pumped 
lubricant by way of supply duct 13 and return it to the sump by 
way of drain duct 14, thereby by-passing the engine components 
which use the pumped lubricant. The support structure 12 has fixed 
thereto a substantially vertically extending axle means 16 in the 
form of a spindle which has a passage 17 extending at least part 
way along and coupled to the supply duct 13 at its lower end. The 
housing is in vertically separable parts 18, and I82 and the upper 
end of the spindle 16, is secured to, and secures, a housing part 
I82 releasably sealed to the part IS,. 

A rotor 2 0 is mounted within the housing for rotation about the 
spindle 16. The rotor is substantially conventional in comprising 
a container formed from pressed steel sheet components 21 and 22 
jointed at a folded seam 23. The component 21 has a peripheral 
wall 24 which extends radially inwardly at one end of the rotor 
to an aperture 25. The component 22 forms a substantially 
radially extending base in which are found recesses 26, 27 
containing a pair of tangentially direction jet reaction nozzles, 
one only of which is visible at 28, the base component being 
apertured at 29 in line with aperture 25 on the longitudinal axis 
of the rotor. 

A hollow member 30 extends between and through the axial ly spaced 
apertures 25 and 29, being swaged to the container components to 
act as a spacer for the end walls and a receptacle for bearing 
bushes 31 and 32 which support the rotor for rotation about 
spindle 16, the longitudinal axis of the rotor therefore being 
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synonymous with the rotation axis of the rotor. 

The spindle passage 17 opens into the spacer member, which is 
apertured at 3 3 to admit liquid lubricant at supply pressure to 
the container from the rotation axis. The spacer member 30 thus 
forms a radially inner wall for the container. 

Within the container, internal partition wall 35 extends radially 
inwardly from the peripheral wall at the seam 23 and divides the 
container into a separation chamber 3 6 (in which contaminants are 
separated from the liquid lubricant) and an outflow chamber 37 in 
communication with the reaction nozzles, 28 etc. The radially 
inner periphery 38 of the partition wall defines a transfer 
aperture 39 between the separation and outflow chambers 3 6 and 37. 
The partition wall 35, although extending radially inwardly is 
also inclined with respect to the rotation axis at an acute angle 
being f rusto-conical in elevation, the arrangement serving to 
inhibit solid contaminants which tend to collect within the 
radially outer peripheral wall from falling into the outflow 
container with attendant risk of reaction nozzle blockage or 
return to the lubricant sump. To this end, such an inclined 
partition wall is frequently called a separation cone. 

The upper part of the spindle 16, is of lesser diameter than the 
lower part, I62, such that the ends of the bushes 31 and 32 
exposed to the lubricant pressure in tubular member 30 have forces 
acting thereon related to such diameter. Thus in operation a 
greater force acts on the upper bush 32 in an upward direction 
which tends to lift the rotor to counter its weight, the degree 
of lift being dependant on instantaneous supply pressure. Clearly 
if the pressure is such that the pressure- induced lift exceeds the 
weight of the rotor the rotor will move to contact the housing 
part I82 and to accommodate this a pressure lift thrust bearing is 
formed by substantially radially extending flanges 32, of bush 32 
and static bush 38 secured to the housing part. 

The rotor thus far described is essentially conventional. 
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The weight of the rotor is taken, except when overcome by said 
pressure-induced lift, by weight thrust bearing means. 
Conventionally such weight thrust bearing means comprises an image 
of the pressure lift thrust bearing, that is, radially extending 
flange surface to the lower end of bush 31 and upper end 12i of 
support structure 12 . 

However, in accordance with the present invention, weight thrust 
bearing means 40 comprises the lower portion I62 of the spindle 
and bush 31. The spindle portion I62 tapers from a lower region 41 
of greater diameter to an upper region 42 of lesser diameter, the 
tapered region 43 having a shallow taper, that is, large included 
angle. 

The bush 31 has a corresponding taper to a part of its internal 
surface such that it both surrounds the upper region 41 and the 
tapered region 43 of the spindle. 

The tapered region thus provides a thrust bearing which supports 
the weight of the rotor at rest when supply pressure is below a 
level at which the pressure- induced lift overcomes the weight. 

However, when after normal operation supply pressure ceases as the 
engine is stopped and the aforementioned clearances between bushes 
and spindles are deprived of radial stiffness from the lubricant, 
the weight of the rotor tends to seat it on the tapered weight 
thrust bearing and the tapered surfaces act also to centre the 
bush with respect to the spindle, that is, re- introduce an 
effective radial stiffness which mitigates the vibration due to 
bearing clearance. 

It will be appreciated that the degree and form of taper is open 
to variation, provided the taper is shallow enough not to result 
in wedging effects, as is the extension of the bush axially both 
sides of the tapered region. 

It will be appreciated that the weight thrust bearing may be 
defined within the upper bush as indicated in separator 10' in 



wo 97/23296 



PCT/GB96/02996 



- 10 - 

Figure 2 at 40', with modified bush form 32' and spindle portion 
16j' having cooperating tapers and the lower spindle portion and 
lower bush form 31' having no cooperating tapers. 

Conveniently, and as shown in Figure 3 for separator 10", the 
weight thrust bearing 40" is defined within both the lower bush 
31 and upper bush 32' by cooperating tapers to both the spindle 
end portions and the bush pores. 

It will be appreciated that instead of a single continuous spindle 
16 the axle means may comprise a stub spindle exiting from each 
end of the housing. In such arrangement, where the upper spindle 
portion is inserted vertically into the upper bush and not vice 
versa, the pressure lift thrust bearing may be formed by tapered 
co-operating surfaces similar to the lower weight thrust bearing. 

Also, the provision of pressure- induced lift, and the 
corresponding pressure lift thrust bearing, may be omitted, so 
that the rotor normally operates in contact with the weight thrust 
bearing. 
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CLAIMS 

1. A centrifugal separator {10;10';10") comprising a 
housing(ll), axle means (16) extending along the housing 
substantially vertically and defining a rotation axis, a 
rotor (20) rotatable about the rotation axis about said axle 
means and including at each end thereof a bush 
(31,32;31,32';32'') surrounding the axle means defining a 
journal bearing, each said bush being exposed to lubricant 
supplied to the rotor such that lubricant can pass between 
said bush and axle means to form therein a film, at least one 
of the bushes (31;32' ;31,32") providing weight thrust 
bearing means (40;40' ;40" ) operable to support the weight 
of the rotor, at least during wind-down, characterised in 
that the weight thrust bearing means (40;40';40") comprises 
at least one portion (43) of said axle means tapering from 
a lower region of greater diameter (41) to an upper region 
of lesser diameter (42) and said bush surrounding the portion 
conforming to the taper, defining a combined journal and 
thrust bearing whereby the rotor carried by the thrust 
bearing is centered with respect to the axle means and 
supported both radially and axially. 

2. A centrifugal separator as claimed in claim 1 characterised 
in that the end of the upper bush (32; 32") exposed to 
lubricant pressure is a lesser diameter than the upper end 
of the lower bush (31; 31') such that normal lubricant supply 
pressure acts to separate the cooperating taped surfaces of 
the weight thrust bearing means. 

3. A centrifugal separator as claimed in claim 1 or claim 2 
characterised in that the weight thrust bearing means (40") 
is defined in both upper and lower bushes. 
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any foreign application(s) for patent or inventor's certificate listed below and have also identified below any foreign applica- 
tion for patent or inventor's certificate having a filing date before that of the application on which priority is claimed or, 
i'f ..no priority is clained, before the filing date of this application: 
Prior Foreign l^llcation(s); 

A^icatloE Mier Zcmttj Day/tonth/Year Piled 

1^526523.7 United Kinq(iom 23 Dec e mber. 1995 

iijereby claim the benefit under 35 U.S.C. 120/365 of all prior United States and PCT international applications listed above 
dirSbelow and, insofar as the subject matter of each of the claims of this application is not disclosed in such prior applica- 
t;^ns in the sanner provided by the first paragraph of 35 U.S.C. 112, I acknowledge the duty to disclose material information 
|si:defined io 37 C.F.R. 1.56(a) which occurred between the filing date of the prior applications and the national or PCT inter- 
fciional filing date of this application: 

Mor U.S./ECT A^ilicationCs): Status: patented, 

jig)licatioa Serial So. Day/Month/Year Filed pending, abandoued 

;;_PGT/G896/02996 5 December 1996 Pending 

|;|iereby declare that all statements made herein of my own knowledge are true and that all statements made on information and 
iseiief are lasiieyed to be true; and further that these statements were made with the knowledge that willful false statements and 
fle like so Bade are punishable by fine or imprisonment, or toth, under Section 1(X)1 of Title 18 of tne United Slates Code and 
■fiat such willful false statements may jeopardize the validity of the application or any patent issued thereon. 
Md I hereby appoint HIKMi i VWCSflffiP.C, gtlLElajr, 1100 Morth Gl^e jo^, ArliiK^top. Virginia 22201-4714 . telephone nunber 
:(403) 816-4000 <to wboB all CDBBunications are to be directed), and the following attorneys thereof (of the sane address) indi- 
vidually and collectively my attorneys to prosecute this application and to transact all business in the Patent and Trademark 
Office connected therewith and with the resulting patent: Arthur R. Crawfor d, 25321 ; Larry S. Nixon , 25640 ; Robert A. 
Vanderhy e, 27076; James T. Eosmer.,_i018ii Robert H. Paris, ■\]?ib2, Richard G. Besha_2222g; Mark E. Husba un, 323 48i Michael J. 
Keenan, J2iC6i„Bryan H. Davidso n, 30251; Stanley C. Spooner, 27393; Leonard C. Hitchard , 2900^ ^; Duane M. Byers.,,J3363j Paul J. 
Henon, 33626; Jeff ry H. Nelson, 30481; John R. Lastova_i3149; H. Harren Burnam, Jr., 29366; Thomas E. Braie, 32205. 




D^Inventor's Signature fl'^c^^C J ^ ^^"^^^I^ Date /V/^/ ^IHLJ^'^ 

jH Inventor's Name (typed) Ron-aid (f ^Purvey Briti s h 

i'v.Ki First /^A-v-**^ Middle' Initial FaiilTyliie Citiienship 

' Residence (Cit y) Axminster M\yL_ (State/Foreign Country) England 



Post Office Address n-o s seway Close, Ax minster, Devon Zip Cod. EX 13 .'^LM 



FOR 4K)ITiaiSL IHVB8ICRS, check box I J and attach sheet with sane infomation and signature and date for each. 



